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Test Procedure Development Overview

Timeline Barriers

= Continuing effort since 2006

= Barriers addressed
— HEV/PHEV test procedure 2010 (J1711)

— Completed BEV test procedure in 2012 — Address codes and standards
(J1634) needed to enable wide-
" Dyno Drive Parameters spread adoption of electric-
— Phase 1 completed in 2012 drive transportation
— Phase 2 on-going (est.. 2013) technologies

= SAE 2711 MD/HD Test Procedure

— Draft procedure under internal review
— Part 1: est. 2013

Partners
Budget =  Committee members include
. & experts from EPA, Toyota, Honda,
= S150kin FY13 Ford, Chrysler, GM, Nissan, JAR|,
= Highly leveraged with APRF Mitsubishi, and CARB
staff, tests, and test vehicles = AVTA, OEMs and Suppliers,

Customers, X-Prize, Tesla, BMW



Standards Activities Background

J1711: HEV/PHEV dynamometer test procedures
— Rewrite focused on PHEV procedure (published in 2010)
= J1634: BEV dynamometer test standards (consumption and range)
— Rewrite for modern BEVs (published in 2012)
= |SO 23274-2: PHEV dyno testing in depleting mode
— 23274-1 is testing in the sustaining mode (completed in 2012)
= J2951: Drive Quality Evaluation for Chassis Dynamometer Testing
— Fuel economy variations based upon driver performance (New, published in 2011)
= J1715: HEV Terminology (“to EREV or not to EREV”)
— Updated from version several years ago
= J2711: Dyno testing of MD/HD vehicles including HEV
— Phase 1 = dyno procedures (Phase 2 & 3 are HIL and “powerpack” testing)

— Committee not yet formed. M. Duoba chairing.



Relevance: Test Procedures Directly Support Industry
and Regulatory Agencies

= Advanced vehicle achievements in efficiency or petroleum displacement are only
defined by results taken with a standard test

= Steps taken in procedure development for fast and efficient methods can save
industry millions in development and certification costs

= Accomplishments in LD methods are being adopted in MD/HD procedures

| I EPA, CARB,
| OEM Development | # SO, R&D %
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Approach: Provide Data, Direction, Validation,
Document Development

= Argonne staff chair, co-chair, or serve as key member of SAE Committees

— Chair J1711, co-chair J1634, chair J2711-1, key expert in ISO ISO/TC 22/SC 21/WG 2
= Argonne provides unrestricted data for entire committee to analyze

— Argonne provided hot / cold data for applying “5-Cycle” to BEV and PHEVs

— Argonne providing driver performance metrics and fuel economy (CV, BEV,HEV, PHEV)

= Argonne leads investigations in applying procedures for advanced technology
vehicles

= Generic Approach: / i
v




Accomplishment: Final Revision of J1634 Balloted

-2 “Multi-Cycle Test” - provides both UDDS and HWY data throughout SOC
range. Expanded version includes US06 cycle data.

End of test
criteria: Cannot

Fully Charged Fully Discharged * maintain 55mph
UDDS~JHWY| UDDS |2>mPh | ypps [Hwy| uUDDS [>°MPh
Steady Speed Steady Speed
Ny
4
v/
(]
&/ o
5 g w \ﬂ\
© % 1 . 1 Calculate 1 | 1
Q ' duration of
(%)
% 55 MPH )
= >
UDDS#1 EC HWY #1EC UDDS#2 EC UDDS#3 EC  HWY #2EC  UDDS#4 EC Battery capacity
[DC Wh/mi] [DC Wh/mi] [DC Wh/mi] [DC Wh/mi] [DC Wh/mi] [DC Wh/mi] [DC Wh] + [AC Wh]

- Cycles are tested at beginning and end of SOC

- Depletion cycles are steady-state speeds (55 MPH)

- Test ends during steady-state speed

- Provides Wh/mi and range for bother UDDS and HWY



.
Accomplishment: On Going Validation of Existing
Procedures With Newly Available OEM Vehicles |

= SAE J1634 is new, remains to be seen which new
BEVs are certified with new procedure, or with
longer, old procedure

— Nissan Leaf and Tesla Roadster were testing using
SAE J1634 procedure concepts

— Upcoming work will investigate results from Focus
Electric (with active thermal management)

— Future work on Hot/Cold corrections for BEVs

= SAE J1711 was used for PHEV certification
— 0Id J1711 procedure not adequate for today’s PHEVs

— Testing Volt validated J1711’s sophisticated
approach to range calculations

— Testing Prius PHV validated J1711 generic approach
that works for EREVs and Blended PHEVs

— Current work focused on hot and cold testing in
charge-depleting mode




Accomplishment: Expanded Multi-Cycle Test J1634 Used for

Preliminary OEM BEV Testing

> Expanded MCT provides UDDS, HWY and US06

UDDS UDDS US06 55 mph US0O6 UDDS HWY UDDS  55mph Chafrglf
steady steady tofu
Charge '\_‘L-___‘,\‘ speed speed
to full \
'\0-.___‘
F\Rﬁ
T T T T T T T T \Ih
10 20 30 40 50 60 70 80 90 100
Distance [mi]
Calculate duration of middle 55 MPH phase
Whr Whr/mi
UDDS 1346.8 180.5 Weighting UDDS for “First Cycle Effect”
HWY 2092.7 203.5 K1=1346.8 /20315 =0.06629
UDDS 1275.2 171.0 K2 =K3 =K4 =(1-0.06629)/3 =0.31123
uso6 2302.1 286.8 DC Wh/m!=K1*UDDSl Wh/mi + K2...
SS55 3241.5 DC Wh/mi = 169.4
UsS06 2268.> 282.8 Recharge Allocation Factor
UbbS 1251.0 167.7 RAF =DC kWhtotaItest /AC kWhrecharge
HWY 2044 .4 199.0 RAF = 20315 / 24048 = 0.8447
UDDS 1246.9 167.1
55_55 3245.7 * Note that these results are unadjusted
Test Discharge 20315 and do not reflect expected in-use
AC Recharge 24048 performance

Charge Recovery
CR=C./C,

CR =63.69 Ah / 63.49 Ah
CR =100.3%

(must be greater than 97%)

AC Energy Consumption*

UDDS:

AC Wh/mi = DC Wh/mi / RAF

AC Wh/mi =169.4 / 0.8447 = 200.5
HWY:

Ave DC Wh/mi =201.3

AC Wh/mi = 238.2

US06:

Ave DC Wh/mi = 284.8

AC Wh/mi =337.1

Range Extrapolations*
Usable Battery Energy (UBE)
UBE = 20315 Wh

uDDS

R=20315/169.4 = 119.9 miles
HWY

R =20315/201.3 = 100.9 miles
USo6

R =20315/284.8 =71.3 miles



Accomplishment: J1711 Concepts

Validated on Volt

Volt UDDS Full Charge Test Data | goT criteria AC Wh Calcs

Ah
MPG * | (1) A%| (2) A% | Total %| AC

Cycle| Mil Vi+Vf
ycle| Miles | vuar | '/2 ) of Fuel |of Disch|of Disch Wh/mi'

743  inf 1582.9(25.72%  -- | 14.47% 255.3
14.86  inf 1535.7[25.22% 49.24% | 14.04% 247.4
2229 inf 1521.0|25.33% 32.78% | 13.91% 245.1
29073 inf 1515.2|25.61% 24.62% | 13.85% 244.2
3716 inf 1505.6|25.75% 19.65% | 13.76% 242.7
4459 inf 1506.1|26.12% 16.43% | 13.77% 242.6
52.03 2324 1267.6(22.44% 12.15% | 11.59% 204.2
59.47 606 3865 | 6.95% 3.57% | 3.53%  62.2
66.90 510 862 | 1.56% 0.79% | 0.79%  13.9
10 7433 490 313 | 057% 0.29% | 029% 5.0

! Based upon 13.102 AC kWh recharge to full

© 00 N OO g b~ WN =

=  End of Test Criteria checked for robustness.
Argonne-prescribed option works best.

=  Numerous SAE J1711 range definitions
important for calculations of results.

= Same calculations for all PHEVs. PHEV type

drives decision of which results are presented.

1)

2)

| a4 INEC|<1% Fuel Consumed

50C

stop |

' |

|+ |a50C) <2% Total Depletsd

socC

F stop | ‘

Nominal Wh [Ah*(Vi +V1)/2]

4000 |

2000 |

Reda

v] 10 20 30 40 50 60 70 80
UDDS Miles




Accomplishment: SAE J1711
Validation - Now with OEM Vehicles

EV
ili Chevy Volt
Capability y \e
Ford C-Max
(in2013) ®
. — 2013 Toyota Prius PHV
Stock Prius \. .
™~ Hymotion 2010 Prius
/G | | | | | | | | Battery | |
Conventional ! ! ! ! ' ' ' ' Energy

0 5 10 20 30 40

Label-Adjusted EAER miles

= J1711 carefully developed using prototypes
= However, no validation performed with OEM vehicles
= By end of 2013, most of PHEV design space can be tested with OEM PHEVs

o 10



N
Different PHEV Designs — differentiated by wheel power R
. S — Accomplishment:

o | e Extender EV

Blended Prius PHV

S Intermediate

|| Benaes Testing Using J1711

< Slide from
2007

Wheel kW

10 ¢
0
-10

Wheel kW

A
Argonne "7

40000 -
30000

ubDS 20000
Battery 10006~

o
Watts 10000
-20000 -]
-30000 -

50000 =
40001 .’

30000l

U S 0 6 20000
Battery 10000

o
Watts -10000-]
20000+
-30000-

| Note significant engine use

uso6 >
Fuel [cc/s] | s
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Accomplishment: Blended Prius PHV Testing Using
J1711 (USO6 Cycle)

- US06 slow depletion not favorable for petroleum displacement (Utility Factor)
- US06 not currently tested in charge-depleting mode under EPA rules

5 -
—-UDDS kWh
45 3 —+—UDDS fuel [gal]
4 ] =B-HWY kWh
—a— HWY fuel [gal]
35 - - US06 kWh
E —+—US06 fuel [gal]
T 3
Z
£ 25 -
2
W
Q
s
3]
[=1]
1.5 -
1 |
0.5 -
0 I T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50
Distance [mi]
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Accomplishment: Exploring Adjustments Using J1711 Data
- EREV PHEV

Q
©
adjusted ——g=—"_ Line of higher speeds and accel rates

o

o

g “Real-World” Adjustments for
n

S EREV Are Understood
@)

[

-

L

1x 1.3x adjusted

Electrical Consumption Rate

= Current adjustments for electric-only operation is modeled after gasoline fuel
adjustments

13



Accomplishment: Exploring Adjustments Using J1711 Data
- Blended PHEV

9
©
adjusted —A—DC: Line of higher speeds and accel rates
O
— g— Blended PHEVs require more
= attention and research
g adjuste
@)
o Expected levels of fuel
T displacement more uncertain
C
1.3x | ‘

Electrical Consumption Rate

= Compared to UDDS and HWY cycles, if real world requires more energy, where will the
added energy come from?

=  Conventional vehicle fuel consumption adjustments are single scalar numbers
= Blended adjustments need to be 2-D vectors

14



Accomplishment: Exploring Adjustments Using J1711 Data
—> Prius PHV Blended Operation in Hot/Cold?

o APRF (advanced Powartrain Research faciiny) - 2012 Toyota Prius PHEV - = 1% Charge sustaining limit
A Argonne 4w chassis dynamometer
..... & ] ——UDDS FCT 72F
(0] |
"Es' —=—HWY FCT 72F
m —&—US06 FCT 72F
; ; 5
Adjusted line
g = ——UDDS FCT 95F
m
'..3_ ;n 4 —=—UDDS CS 95F Soaked
E E —=—5C03 FCT 95F
a § 3 —~—UDDS FCT 20F*
c a
Q =
o Aggressive, Cold E 2
e -
f=3
< :
L Adjusted? 2
o1
L¥]
F]
Hot @ )
0 {
-40  -20 0 20 40 60 80 100 120 140 160 180 200 220

Electrical Consumption Rate

Net Energy Change [Vz x Ah / mi]

= Note location on 2-D plot are in terms of consumption / distance

= High-speed, aggressive operation = higher fuel, lower electricity consumption rate
= Hot operation with A/C = higher fuel and higher electric consumption rates

= Cold operation = higher fuel, lower electricity consumption rate

= Needed = Real world cycles, not a real world adjustment
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Accomplishment: Start Phase 2 of SAE J2951
Find variability and practical guidelines for drive statistics

= Started: Aug 2010. Finished: 2012

= Prescribed certification tolerances leave
room for significant fuel economy
variation

Test

= Existing speed tolerance is not enough
information to explain varied results

= Data has shown that higher fuel
consumption results correlate with higher
driven dyno energy

— Al RMS freq = p|| EER freq

= LIDDS RMS freq = IDDS EER freq
——HWY RMS freq

e LIS06 RMS freg

——HWY EER freq

Normaiized frequency

= 1JS06 EER freq
0.05

EER

RMS Speed Error Driven Energy vs. Cycle Energy
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Accomplishment: Start Phase 2 of SAE J2951

Argonne Able to Openly Share Dyno Driving Statistics to Entire Research Community
All other participants showing only variation of drive statistics, not actual results

Specific correlations between MPG and driving statistics are unique in HEVs

Current HEV MPG controversy may be solved by looking at SAE J2951 statistics

6
y=0.0474x+4.7347 » —_
R?=0.4365 > JE:
Sl E—————— g
. ; . 4=
=  MPG results from hybrids are notoriously “noisy” » s
38
=  ANL has been using driver performance metrics for 10 ¢ Allcydes E
years [ O ——— : IF;ro_drn.rer — g
. . ngineers
. Hybrid Vehicle % Robot <
=  Data from HEV tested at Argonne (at right) Cycle Energy X Optsmoothtrace 12
. . . . . ¥ OptDriver
—  Different drivers achieved different consumption results | | 0
—  Higher fuel consumption results correlate with both higher s 10 E':R 0 >
driven dyno energy and speed error
— When drivers intentionally deviate speeds to achieve better 6
fuel economy, speed error increases » »* _
_é 5E
—  Speed error has highest correlation with consumption HR\*\* g
. L — 4=
—  Could imply that limits in speed error could force more - }‘:-
consistent results representative of real world driving. y=-1.2945x+5.1146 38
Rf = 0.5426 + Allcycles £
¥ Prodriver — 5 ﬁ
L ] X Engineers (]
Hybrid Vehicle % Robot 3
- RMS S dE % Optsmooth trace | 1 &
pee rror X Olpt Driver‘
T T T T T 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
RMS error

17



Accomplishment: North American Annex of
ISO 23274-2 Test Standard (PHEV in Depleting Mode)

H o 7
. M DUOba SerVIng as expert member Of = DRAFT INTERNATIONAL STANDARD ISO/DIS 23274
1ISO/TC 22/SC 21/WG 2 technical committee 1S0 cotcascal cesmaon

= Attended meetings since 2007 ) S

- TOkyOI Parlsl Berllnl Chlcagol Parls Hybrid-electric road vehicles — Exhaust emissions and fuel

consumption measurements — Non-externally chargeable
. . vehicles

= 23274-2 was published in 2012 Vit s oo s s o i appament et

IC5 43.120

=  Each member country has to write an Annex
specific to local regulations

= M. Duoba wrote the Annex covering North
America that followed the I1SO guidelines

— Crafted so as not to conflict with J1711

18



Summary: SAE Standards Timeline

D= Balloted
Mmoo
Sooo Project [Title Sponsor
NNANN -
Small i i issi id-
[ J1711 Recommenfjed Practice for Measuring the Exhaust Emissions and Fuel Economy of Hybrid Mike Duoba (ANL)
revision? Electric Vehicles, Incl PHEVs
2059 - . N : : : : S, :
0 12841 Utility Factor Definitions for Plug-In Hybrid Electric Vehicles Using 2001 U.S. DOT National Mike Duoba (ANL)
Version? Household Travel Survey Data
Finished J1634 | Electric Vehicle Energy Consumption and Range Test Procedure (Cancelled Oct 2002) éif‘f)g;odmh [ Mike
dat
colaleact J2951 | Drive Quality Evaluation for Chassis Dynamometer Testing Jeff Glodich
nish : : . -y :
inis 12711 Recommended Pract!ce for Measuring Fuel Economy and Emissions of Hybrid-Electric and Eric Rask (ANL)
part1 Conventional HD Vehicles
| t
freren J1715 |Hybrid Electric Vehicle (HEV) & Electric Vehicle (EV) Terminology Mark A Theobald
high
flogcuesr J2263 | Road Load Measurement Using Onboard Anemometry and Coastdown Techniques Jeff Glodich
. prosglfess J2264 | Chassis Dynamometer Simulation of Road Load Using Coastdown Techniques Jeff Glodich
interest-
" eerdes J2908 |Power rating method for hybrid-electric and battery electric vehicle propulsion Mark A. Theobald

Highlights

J1711 being validated, application for 5-cycle investigated

J1634 finished, application for 5-cycle investigated

Analyzing data for J2951 Drive Quality (related to HEV MPG shortfall?)
J2711 (Part 1 — chassis dyno) draft under internal review

19




N
Collaborations and Coordination with Other

Institutions
(SAE Task Force Membership \
(Advanced Vehicle Testing \ * OEMs
and Evaluation (AVTE ) * Suppliers
Dyno, track, road/fleet * Regulators
testing * National Labs
@ ®tality OAF . /
N . \ _ @Ak (Nnternationa y
\!‘!L @ Argonne
Qﬁc National Laboratory :

=2, -~

Argonne \ (AIGER - Auto Industry / Gov. \
1> Emissions Research
* EPA
* CARB
* Industry

AUTOMOBILE INDUSTRY/ GO T El H

| AIGER - .

\ Cooperative Research and Development Agreement )

-

Working-level individual collaborations

S International Collaborations
CthSIer - CTC e - KATECH (Korea)
' _ - - CAERI (China
GM - Powertrain, Milford m - 1SO (TC 22/SC 21/WG 2)
- JARI (Japan)
Ford — Powertrain, APTL @ - IEA
\_" Joint Research Centre (EU) )

20



Future Work: New Standards and Continued
Validation / Improvement of Existing
Procedures

Refinement:
= HEV and PHEV procedures (J1711) will be exercised and

Argonne’s Mike Duoba briefing

evaluated with diverse set of OEM PHEVs (Prius and C-Max PHEVs) President Obams on Testng

= More BEV and 5-Cycle evaluations

— Current “70% Rule” should eventually be replaced with procedures that reflect and
reward advances in BEV thermal management, efficient auxiliaries and improved
thermal insulation

New or Revised Standards:

= Newly formed SAE task addressing Powertrain Power in HEVs
— Specifications in engine net power and torque currently follow SAE J1349

— However, “specmanship” in hybrid vehicle power and electric motor power do not
currently conform to a uniform standard

— The new task force will address standard methods to define, measure, and report
Vehicle Power, Motor Power, and Battery Power (among other parameters)
=  Finish SAE J2711-1 (Chassis dynamometer test procedures)

— Draft generated using past J2711 and current J1711 has been distributed among
members

— Take current draft to ballot
21
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